Effect of laparoscopic myomectomy on the serum levels of interleukin-6 (IL-6) and total antioxidant capacity (TAC), and the ovarian function of patients with uterine fibroids was studied. Ninety patients with uterine fibroids admitted to
Introduction
Uterine fibroid, also known as fibromyoma, is a benign tumor commonly found in female patients (1) . According to a study, the incidence of uterine fibroids reaches 233-556/10,000 (2) . It has been reported that 5.4-77% of females have uterine fibroids (3) . Uterine fibroid is a benign tumor of gynecology, however, its pathogenesis remains unclear. In clinical practice, uterine fibroids can be divided into single and multiple uterine fibroids. Multiple uterine fibroids are more common, often with irregular menstruation, urination disorder and dysporia, abortion and infertility (4) . A study (5) has found that uterine fibroids are more common among females with childbearing age, widowhood and uncoordinated sexual life. The occurrence and development of uterine fibroids are caused by the interaction of a number of factors. As the incidence of uterine fibroids increases, the therapeutic methods and clinical efficacy have become a research hotspot. Traditional laparotomy, which is not in line with the minimally invasive concept, has gradually been replaced by arteriosus minimally invasive surgery (6) .
The rapid development of laparoscopic surgery has resulted in less damage to the pelvic tissues and organs, avoiding complications caused by the aggravation of postoperative stress injury (7, 8) . The postoperative effect of laparoscopic myomectomy is similar to the clinical effect of conventional laparotomy. Research has shown that it has the same rejection effect on fibroids (9, 10) . However, there is still a lack of relevant studies on serological inflammatory factors or long-term clinical pregnancy outcomes after laparoscopic surgery has been performed on patients with uterine fibroids. Interleukin-6 (IL-6) is an important indicator reflecting body pain. When patients have pain/stress responses, IL-6 is to a certain degree abnormally increased. The expression level of IL-6 in the body is positively correlated with pain (11) . Total antioxidant capacity (TAC) is an important evaluation index that reflects the oxidative damage in the body (12) . Moreover, the influence degree of the surgery on the surrounding tissues reflects the ovarian function, and monitoring the ovarian function and the oxidative damage of patients can reflect the safety of the surgery (13) . In order to further reveal the clinical effect of laparoscopic myomectomy, 90 patients with uterine fibroid treated in The Central Hospital of Wuhan (Wuhan, China), from March 2013 to July 2014, were enrolled to investigate the effect of laparoscopic myomectomy on serum levels of IL-6 and TAC, and the ovarian function. Treatments. Patients in the experimental group were treated with laparoscopic myomectomy. Each patient was subjected to general anesthesia, and placed in a stone bladder position. The head was kept low and the feet high, with a tilt angle of 15˚-30˚. Shoulder pads were used to fix the shoulders of the patient if necessary. Then, with the patient's navel mouth, left and right McBurney's points as the operating path, a 2-cm incision was made at the lower edge of the umbilical hole. A pneumoperitoneum needle was punctured to establish artificial pneumoperitoneum, and the pressure was controlled at 14-15 mmHg. Laparoscope was placed from the umbilical portion of the patient, and an incision was respectively made in the avascular region of the patient's anti-McBurney's point and at the McBurney's point, with instruments placed. During surgery, the seromuscular layer of the fibroid was unilaterally incised to the tumor nucleus. The fibroid was fixed by grasping forceps and peeled off. The bleeding of the wound was stopped by electrocoagulation and the wound was sutured layer-by-layer, with fibroids cut by a rotary cutter from the abdominal incision.
Patients and methods

General
Repeated check was carried out to confirm whether fibroids were taken cleanly. The abdominal cavity was rinsed after confirming the removal. Active bleeding in the patient was checked. After deflation, the laparoscope and instruments were removed, and the puncture wound was sutured. Antibiotics were administered after surgery to prevent infection of the wound, and oxytocin to promote uterine contraction.
Patients in the control group were treated with abdominal myomectomy. Each patient was subjected to combined spinal and epidural anesthesia, and placed in a supine position. After disinfection, a 5-8 cm incision was made in the lower abdomen of the patient. Tissues were cut layer-by-layer to expose the surgical field of fibroids. The number, size and location of fibroids were carefully checked. A fibroid turn was used to remove fibroids, and electrocoagulation to stop bleeding. The abdominal cavity was rinsed after confirming the removal. Active bleeding in the patient was checked. A bio-absorbed thread (Johnson & Johnson) was used to suture the uterine wound. In order to prevent tissue adhesion, 'Rui Shu Kang' ointment (Hebei Ruinuo Medical Instrument Co., Ltd.) was applied to the wound. The abdominal cavity was closed layer-by-layer. Antibiotics were administered after surgery to prevent infection of the wound, and oxytocin to promote uterine contraction.
Detection methods. Elbow venous blood (5 ml) was extracted from the patients on an empty stomach before surgery, and on the 1st, 3rd and 5th day after surgery. The samples were centrifuged at 1,006.2 x g at 4˚C for 10 min and the supernatant was collected. ELISA was used for the detection of the serum levels of IL-6 and TAC. Detection kits (SBJ-H0465 and SBJ-H129) were purchased from Nanjing Senbeijia Biological Co., Ltd. The specific detection steps followed were in strict accordance with the manufacturer's instructions. Elbow venous blood (5 ml) was also extracted from the patients on an empty stomach before surgery, and on the 1st, 3rd and 6th month after surgery. The samples were centrifuged at 1,006.2 x g at 4˚C for 10 min to collect the supernatant. Radioimmunoassay (RIA) was used for the detection of the serum ovarian function indicators, including luteinizing hormone (LH), follicle-stimulating hormone (FSH) and estradiol (E 2 ).
Follow-up and outcome measures. Patients were followed up via hospital review and telephone. Patients with recurrence were promptly treated, and examinations were carried out to complete the relevant prognostic data. The follow-up ended on August 1, 2017. The pregnancy outcomes of patients in the two groups were recorded for 3 years. The expression of serum IL-6 and TAC, and the changes in ovarian function indicators E 2 , FSH and LH of the patients in the two groups were observed. Postoperative complications of patients were recorded in detail.
Statistical analysis. SPSS 17.0 statistical software (IBM Corp.) was used for the analysis of the experimental data. Enumeration data were expressed as n (%), and Chi-square test was used for comparisons between two groups. Measurement data were expressed as mean ± SD, and t-test was used to analyze data between two groups. One-way ANOVA and Dunnett's post hoc test were used for comparisons among multiple time points. The mean values before surgery were used as the control for the comparisons of the data of the different time points within the group. P<0.05 was considered to indicate a statistically significant difference.
Results
Comparison of the general clinical data of patients between the two groups. There were no statistically significant differences between the experimental and control group in terms of age, type of registered permanent residence, course of disease, number of fibroids, fibroid location, diameter and type (P>0.05). Thus, the patients in the two groups were comparable (Table I) .
Comparison of the surgical conditions of patients between the two groups. There were no statistically significant differences between the experimental and control group in terms of surgery time, postoperative leaving-bed time, and self-care time (P>0.05). As can be seen from 
Comparison of the serum TAC and IL-6 expression levels of patients between the two groups.
There was no statistically significant difference in the expression levels of TAC and IL-6 in the serum of patients between the experimental and control group before surgery (P>0.05) (Table Ⅲ ). Patients in the two groups had significantly lower TAC expression levels on the 1st, 3rd and 5th day after surgery than that before surgery (P<0.05), and TAC expression levels were significantly higher in the experimental group than those in the control group on the 1st, 3rd and 5th day after surgery (P<0.05). Patients in the two groups had significantly higher IL-6 expression levels on the 1st, 3rd and 5th day after surgery than that before surgery (P<0.05), and IL-6 expression levels were significantly lower in the experimental group than those in the control group on the 1st, 3rd and 5th day after surgery (P<0.05) ( Table Ⅲ ).
Comparison of the ovarian function of patients between the two groups. Before surgery, there were no statistically significant differences in the expression levels of FSH, E 2 and LH of the patients between the experimental and control group (P>0.05) (Table Ⅳ) . Patients in the two groups had significantly higher FSH and LH expression levels on the 1st, 3rd and 6th month after surgery than those before surgery (P<0.05), and SH and LH expression levels were significantly lower in the experimental group than those in the control group (P<0.05). Patients in the two groups had significantly lower E 2 expression levels on the 1st, 3rd and 6th month after surgery than that before surgery (P<0.05), and E 2 expression levels were significantly higher in the experimental group than those in the control group, with a statistically significant difference (P<0.05) ( Table Ⅳ) .
Comparison of the incidence of postoperative complications of patients between the two groups (Table V) . There was only 1 patient with abdominal pain and 3 patients with postoperative fever after surgery in the experimental group, with the incidence of postoperative complications being 8.89%. There were 3 patients with abdominal pain, 1 patient with wound infection, 1 patient with urinary system infection, 2 patients with pelvic adhesion and 5 patients with postoperative fever after surgery in the control group, with the incidence of postoperative complications being 26.66%, significantly higher than that in the experimental group (P<0.05).
Comparison of the postoperative successful pregnancy rate of patients between the two groups (Fig. 1 ). Three years after surgery, 22 patients had successful pregnancy in the experimental group, with a pregnancy rate of 48.89%; 14 patients had successful pregnancy in the control group, with a pregnancy rate of 31.11%. Patients in the experimental group had a significantly higher successful pregnancy rate than those in the control group, with a statistically significant difference (χ 2 =6.75, P<0.05).
Discussion
Uterine fibroid is a common benign tumor of female genitalia. Change of the age of menarche and people's living habits have increased the incidence of uterine fibroids, and in addition, patients with uterine fibroids are increasingly becoming younger (14) . Uterine fibroid may be caused by interactions among sex hormone changes, smooth muscle cell (SMC) mutations and local growth factors (15) . Changes in the sensitivity of local receptors for uterine SMCs and sex hormone disorder usually cause uterine fibroids. The sustained proliferation of SMCs is related to the long-term activation of estrogen receptors, further resulting in uterine fibroids (16) . The long-term occurrence of uterine fibroid causes red-like changes and peeling-like degeneration, which greatly increase the risk of malignant lesions in uterine fibroids (17) . Currently, surgical treatment is the preferred treatment for uterine fibroids (18) . Therefore, laparoscopic surgery is an effective means to treat uterine fibroid clinically. Compared with traditional laparotomy, laparoscopic surgery has a small traction range, less trauma and is a fine surgery (19, 20) . At present, there are studies on the clinical effect of laparoscopic surgery for treating uterine fibroids. However, there is lack of studies on serum IL-6 and TAC changes, and ovarian function. Serum markers are important for the evaluation of body health. IL-6 is an important inflammatory response factor (21) . Derived from mononuclear macrophages and SMCs, IL-6 Table Ⅲ . Comparison of the serum TAC and IL-6 expression levels of patients between the two groups (mean ± SD).
Groups
TAC (kU/l) IL-6 (pg/ml) stimulates B cells to produce antibodies, thereby activating and proliferating T cells, and stimulating the immune response of the body. Therefore, IL-6 is a key factor in acute inflammatory responses (22) . It has been reported that surgery causes certain trauma and an increase in IL-6 and other inflammatory factors, which induce inflammatory responses, affecting the recovery of the patients (23) . Antioxidant defense substances in the body synergistically exert antioxidant effects, and the sum of their antioxidant capacity is called TAC. TAC, an important evaluation index for the oxidative damage of the body (24), consists of two major parts, enzymatic and non-enzymatic reactions (25) , and is important for evaluating the efficacy of laparoscopic surgery. As an important reproductive organ, ovaries play a role in reproduction and endocrine effects. Its reproductive effects mainly include follicular recruitment, development, follicular maturation, ovulation, luteinization and degeneration. Its endocrine effects are mainly expressed in secreting estrogens, progesterone, androgens, peptide hormones and growth factors (26, 27) . Therefore, it is particularly important to study the effect of myomectomy on the ovarian function. In this study, the general clinical data of patients were analyzed and compared between the experimental and control group. There was no significant difference in the clinical data Figure 1 . Comparison of the postoperative successful pregnancy rate of patients between the two groups. The pregnancy outcomes of patients in the two groups after surgery were recorded for 3 years. In total, 22 patients had successful pregnancy in the experimental group, with a pregnancy rate of 48.89%, and 14 patients had successful pregnancy in the control group, with a pregnancy rate of 31.11%. Patients in the experimental group had a significantly higher successful pregnancy rate than those in the control group, with a statistically significant difference (χ 2 =6.75, * P<0.05).
of patients between the two groups, which excluded basic interference for this study. The postoperative conditions of patients were compared between the experimental and control group.
The results revealed that patients in the experimental group had significantly lower intraoperative blood loss, postoperative exhaust time, number of days to recovery and return to work, number of intraoperative fibroids removed, and length of stay compared with the control group. According to the study of Brucher et al (28) , on the comparison of the clinical effect of laparoscopic myomectomy and abdominal myomectomy, the surgery time in the laparoscopic myomectomy group is longer than the conventional group; intraoperative blood loss, postoperative anal exhaust time and postoperative hospital stay are lower than the conventional group, and the total effective rate of the laparoscopic group is higher than that of the conventional group. Compared with abdominal myomectomy, laparoscopic surgery had smaller trauma and faster postoperative recovery of patients. There were no statistically significant differences in the expression levels of TAC and IL-6, and the ovarian function in the serum of patients between the two groups before surgery. Patients in the two groups had significantly lower TAC expression level after surgery than those before surgery, which was significantly higher in the experimental group than that in the control group. Patients in the two groups had significantly higher IL-6 expression level after surgery than that before surgery, which was significantly lower in the experimental group than that in the control group (P<0.05). In the study on the effect of laparoscopic myomectomy on ovarian function and trauma-related serum parameters, Dong (11) found that, serum pain-related indicators after surgery, including myocardial cell substance P (SP), IL-6 and prostaglandin E 2 (PGE 2 ) in laparoscopic myomectomy (observation group) were significantly lower than abdominal myomectomy (control group); serum oxidative damage index myoglobin (MYO) and serum ischemia modified albumin (IMA) at various time points after surgery in the observation group were lower than the control group, and TAC was higher than that in the control group. This is mainly because laparoscopic surgery has smaller trauma, less intraoperative blood loss and more complete hemostasis than traditional abdominal surgery. Therefore, regarding the removal of the same lesion, laparoscopic surgery is more efficient in reducing the inflammatory responses of the body and stabilize the inflammatory factors of cells (9) . Sex hormones reflect the ovarian function to a certain extent (29) . In this study, the ovarian function of patients was compared between the experimental and control group. The expression levels of FSH and LH were higher after surgery than those before surgery, while the expression level of E 2 was lower than that before surgery, which suggests that the ovarian function was restored to some extent. Patients in the experimental group had lower expression levels of FSH and LH than those in the control group, while higher expression level of E 2 than those in the control group. This indicates that laparoscopic surgery has small trauma, and patients recover better, which is similar to the results of the study by Dong (11) . However, it has also been reported that there is no significant difference in serum FSH, LH and E 2 levels between patients undergoing laparoscopic and abdominal myomectomy (30) , which is different from the results of the present study. The possible reason of this difference may be that both surgeries have good effects, however, there are differences in the description of ovarian function test results due to various factors, such as surgery and different time points to detect serum. However, the results of this study mainly show that myomectomy has a short-term effect on ovarian function, and patients generally recover in 6-12 months. In the present study, the incidence of postoperative complications of patients was compared between the two groups. Laparoscopic surgery can significantly reduce the incidence of postoperative complications, which is also conducive in improving the patients' postoperative quality of life as well as their prognosis. Liang et al (31) found that minimally invasive laparoscopic myomectomy has fewer postoperative complications than conventional abdominal myomectomy. Campo et al (32) reported that the pregnancy outcome of laparoscopic myomectomy for uterine fibroids was significantly better than abdominal myomectomy. In this study, 3 years after surgery, patients in the experimental group had higher pregnancy rate than those in the control group, indicating that laparoscopic surgery can improve the pregnancy rate and has important reference value for the selection of patients with uterine fibroid in childbearing age. The reason may be due to the small trauma of laparoscopic surgery, the small impact on the patient's abdominal environment, and the low incidence of postoperative complications. Patients with fertility requirements received infertility treatment. However, only the pregnancy rate was counted in this study, and the delivery was not taken into consideration, thus, further clinical observation is required.
In the present study, the effect of laparoscopic surgery on the serum levels of IL-6 and TAC, and the ovarian function was comprehensively analyzed. Laparoscopic myomectomy has certain deficiencies. During surgery, it may be difficult to completely clean the fibroids, control the intraoperative bleeding and operate. Therefore, in practice, some patients due to undergo laparoscopic surgery finally undergo laparotomy (33) . Also, in clinical applications, the surgery skills of medical personnel is important to improve the clinical effect of laparoscopic surgery.
In conclusion, reducing its effect on the ovarian function, serum pain index and oxidative damage index of patients with uterine fibroids, the laparoscopic myomectomy also reduces the incidence of postoperative complications and blood loss, and increases the pregnancy rate. Therefore, laparoscopic myomectomy has a high application value in clinical practice.
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